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TITLE OFTHE_INVENTION 

TESTING IMAGING DEVICES 
BACKGR0miD_OF_THE_^^^ 

1 Field Of the invention 

. e present invention reXates to a ae.u,,in, apparatus 
.e.errea to as a vie«er .or anai..in. an. aispia^in. .eas^r- 
La in a se.iconanctor test an. a .etno. o. .ispia^.n, test 
results . 

2. Description of the Related Art 

..e resolution o. i.a,in. devices such as COO ch.ps .s 
• nresent. The growing resolution of 

«T-Mtlv increasxng at preseni:. 

.evices re,uires i.a,in, device tests to handle and 
process a very large amount of information. 

oenerally, when developing and testing .mage capturrng 
devices or imaging devices such as CCOS, CMOS ^^gers etc-, 
t: has .een customary to capture an image o. a test pattern 
L a device under test, output the captured i.age from the 
aevice, and inspect image data of the^ap..- -ge 
processed for color filtering, smoothing, 
Lether the device under the test is acceptable or not. 
determine the acceptahility of the tested devrce, the 
numerical values of the processed image data — ^ - 

^^4-nr>n it has been tne 
^or all the pixels. In the inspection, it n 

for all the p _^^ratus dedicated for testing 

general practice to employ an apparatus 



/ 



^ «?elect those imaging 

- r" r.L ..... — - - ■ 

devices whose values fall m 

,.o called XC testers,. When such a ,eneral-purpo.e XC 

use. to test an .a,.n, device, no test pattern . 

erioyea .ut the i.a,ln, device Is placed on a test head 
employed b ^^^^^^^^^^ ^^^^ ^^^^^ 

- connected to the IC 

ilO conduct the test, ^l^^ "P^""""^ ' ,,,, 

I connected to the XC tester to analyse and drsplay 

S conventional l.a,e l,,^P^<>«ss Is disclosed ' 

i in .apanese laid-open patent publication Ko. S . .or 

Si H-na to the disclosed image inspection 

example. According to the ^ , ,,3,„g.am and 

I process, an inspected Image xs displayed 

^"""Ing a development stage .or Imaging devices, a test 

-7r:;rarc:=^^ 
^0 :-t:r:z::-::2:.. .^cessed s i 

occasionally, the displayed and printed ^ ^ 

Tent years. Imaging devices «lth several ^^^^^^ 
.ave been developed and manufactured as such digital 
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^ „se anon, consu.e^B. ^est 

---- ^^:r:---^^^c---^^^^ 

speca- n^- can .e 

- ^ snc. -^°-"^;:.nanee ..o.--' 

? ::Jn.nessana.a.Knessa ^^^^^^^^ 

lo varying V>.x, can . 

i on..oa.sp.ayn^ Ho«^ 

I .enaenov o« -^^^ ,,,.^.ne ana co^ 

* - ""'::^Ue..caX values .o. ^^^^ ^,,...„. 

As aiff^-^ lower- 

= pixels, e.9-- P'' ^„tor»atlon. steps 
I. ..Piavea P^-;^^^^ .---^ an 

--:::::..^.---"tr.ea---7 

dispxav^o^ ^ ,„„fi^aUon. „ „ea of 
3 — """Me operator to con^r™ ^ „„^er 
--"^"^ "Me nn»er.cal aata are ^ . 
^-^^ ittne S.a,.n, aev.oe ..ep, 

,,en«.ensucnaran. 
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.„co.po.ated i« the test program has to be changed. For 
a.spla.in, „u»erica. values, the. should not only be d^ped 
and displayed successively in the order o. addresses, but 
31SO be du„ped «hile relative positions o. the addresses are 
.ei„, calculated taKin, the arrangement o. the pixels .n the 
^.,in, device into consideration, so that, .or example, 
numerical values of horizontally adjacent pixels can be 
oo»pared with each other and also the numerical values o. 
vertically and obliquely adjacent pixels can be compar w.th 
each other. If the number o. vertically and 

a .o dump and display the numerical values of the pixels, 
f xar,e expenditure of labor and time may be required to 
1 incorporate, in each test program, the display.n, step taKrn, 
Is into account the proper relationship between an area that 
I needs to be displayed and the addresses of original data 
Por Observing the tendency among codes representing 
Characteristics of each dot in an imaging ^^^^^^^ 
..e codes may be displayed as characters or sy^^ols drrectly 
30 over a map which is displayed on a display screen as 

representing the imaging device. However, since the c des 
displayed as characters or symbols ta.. up relatively large 
aJas on the display screen, the range that can be d.splay 

.He codes at once is more limited than the range that 
be displayed using dots, and hence all the data cannot be 
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a aispxay unit .s „.,,,„aX data 

...ua. Xu^inance in.o^at.on 
or processed data. ^«vENTlON 

U tnere«o.e an o.,ect ^^^^ ^,,,„, 

easXXV ^ .o .e a.Xe to .eaa tne 

.ev.ce unae. test «o. t.e ope« .nan,es 
O .etaue. ana speC.ic tenae- ^^^^^^ 
'5 i-he necessary ai: relate an 

a.on, pixel, xn the ^^^^^ ,o re 

S another object of th an area to be 

5 . displayea m the coae vxe ^ 

O area to be arspiay ^^^^ necessary a 

S A ,n an iaage view, so th ^^^^ ^„„e 

r alsplayea m an ^^^^ „^^le at tn 

g axspxayea usXn, codes .n th ^^^^ 

Si also be aisplayea as a i^^ventlon, there 

as they can als ^^^^ present inv 

I .ccoraxn, to an aspect ^^^^^^ 

- .s Provxaea an apparatus . ^^^^ 

comprising an i-age ^,,^1 character.st.es 

..ns .or qualitatively a.splay ^ ^^^^ 

,„ first range of the i^a.^n. a ^^^^^ ,,.,,ayin, 
..ae view aisplaym. .eans fo ^^^^^ ^^^^^^ ^„ , 
numerical or symbolic aata o ^^^^^ 
range that is smaller than th ^^^^ ^^^^ 
„i.hin an area aisplayea by ^^^^^^^ ^„,,„,ron. 
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there is also provided a semiconductor testing apparatus for 
testing an imaging device, comprising a test head for reading 
an output signal from an imaging device under test; an IC 
tester which receives and processes output data from the test 
head; a memory for storing output data from the IC tester; a 
display unit for displaying data stored in the memory; an 
input device for receiving an operator's command; a central 
processing unit for processing data stored in the memory 
based on an operator's command received from the input 
device, which central processing unit connected to the 
display unit and the input device and the IC tester; an image 
view display for qualitatively displaying pixel 
characteristics in a first range of the imaging device on the 
display unit according to an operator's command; and a code 
L5 view display for quantitatively displaying numerical or 

symbolic data of individual pixels in a second range that is 
smaller than the first range and designated within an area 
displayed by the image view display on the display unit, 
whereby data with respect to the pixel characteristics of the 
20 imaging device can be displayed by means of the image view 
display or the code view display or both. 

According to still another aspect of the present 
invention, there is further provided a method of testing an 
imaging device, comprising the steps of retrieving output 
25 data from the imaging device as digital data, qualitatively 



aisplayin, the digital data as an l»age vie« in a first range 
Of the imaging device, receiving the designation of a second 
.ange that is smaller than the first range in the qualitative 
i„age view, and quantitatively displaying characteristics of 
5 pixels within the second range in the imaging device „rth 
numerical or symbolic codes. 

The present invention also provides a computer-readable 
recording medium storing a program for carrying out the above 
D method, specifically, there is provided a computer-readable 
ho recording medium storing a program for enabling a computer to 
=^ function as an image viev display for qualitatively 
i displaying pixel characteristics in a first range of an 

imaging device, and a code viev display for quantitatively 
= displaying numerical or symbolic data of individual pixels .n 
\, a second range that is smaller than the first range and 
I designated within an area displayed by the d^age view 
display. 

according to the present invention, an operator can 
easily display pixel data in both the image view and the code 
20 view and also switch between the i^age view and the code 
view. While analyzing pixel data, the operator can make 
detailed judgements on pixel data for a certain area simply 
by designating that area for observation. Therefore, the 
operator finds it easy to debug the imaging device which has 
25 a relatively large number of pixels. 
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.es. sysl.. incuain. viewers acco.ain, to t.e present 
3 "^T.r. .s a ...c. ..... o. a so««a.e a.n.e.tu.e 

according to the present inventxon; 

J. 3 is a nowcHart o. an operation sequence o. a 

0 debugger for an ix«aging device, 

%0 „G. 4 is a viev snowing an example of an a^age 

1 . code View which are dispia^ed according to the present 
1 ^"^n;r;: a View Showing another e.a„pie Of an i^age 

e .iew and a code view which are dispia.ed according to 

y 5 

Wis present invention. 

1 U,«mm.^L«^B«.--««^ ^^^^ 

. .he foiiowing irris an 

relative to a pixel as an i^age w.H be referr 
. review" and the display of numerical values 

Of the Characteristics of pixels as hinary, 
Trrri heraeci^al, or other numerical values or 

Will, referred to as a. .code View... «hen . area 

A^^, the code vxew can be 
designated in the ^age ^-^'J^^ 
generated for the designated area. Theref 
as can be generated easily from the i^aage view. 
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a PIKOXS an i.a,in, device are associated w.th 
respective pixeis in a display unit, and tne c.aracte.xst. 
:::L o. pL. o. ..e l^a^m, dev^e a.e displayed as cole. 
Cannes or „onoc.ro.a.ic s.ades on tne display un.t 
specifically, .ne characteristic values o. Pixels .„ t.e 

.„™pricallv processed for increasing 
imaging device are numerically p 

contrast, low-pass filtering, finding variations f rom tneir 
average, and singularity processing, and the processed 
cLa teristic values are presented in an easily recogni.a. 
.ashion to tne operator, therefore, image views are suitable 
.or the operator to view qualitative changes of the 
Characteristics of the pixels in the overall imaging surface 
Of the imaging device or in a wide range in the imaging 
...,ace Of the imaging device, .or example, i.age views are 
suitable for the operator to recognise a defective group o 
pi^els or Shading, i.e., gradual characteristic — ^ ' 
H oixels e.g., among upper and lower ends 
among widely spaced pixels, e.g.. 

Of the imaging surface of the imaging device. However, 
„ te operator can understand a general tendency of the imaging 

to Clearly recognize how the characteristics of a certain 
,.el Change from the characteristics of an ^^^^^^^^'^^ 
Lthermore, using the image view, it is not — ^ ^ 
operator to find out whether a defect appearing as a 
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.e.ate. to a s.n.le pixe. o. a plurality o. pixe.s. .he co.e 

quantitative aata o. t.e characteristic values o. p^eis. 
snouia. however, be noted t.at the code vie„ does not 
necessarily display data fro„ an XC tester as they are 
Katner, depending on the nature o. test ite„s or the type o. 
Lor^ation required .y the operator, the numerical va.es o. 
p..els .or code views »ay .e limited in the number of d.g.ts 
displayed, converted into sy^ols. displayed as .rnary, 
0 octal, decimal, hexadecimal, or other numerical values, or 

'''Tc' 1 Shows in a blocK for. an overall arrangement of a 
,est syste. having the viewer according to the present 
IlntL. .s Shown in .o. 1, an imaging device 101 wh.c 
a device under test <0U.„ is electrically 

.ro. a light source 10. to the imaging device ICl to cau 
.he imaging device 101 to output electric — J- ^ 
control Of an IC tester 10.. The operator ; 
,0 tester 105 fro. a user interface control processor ,UXP, 107 
. .„e Ethernet or a bus. Digital data output 
via a LAH such as the Ethernet oi. 

.ro. the OU. board 103 is delivered via an interface board 
,„ot Shown, in the test head 10. to an interface 10 .n t^ 
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..en sen. .o an i.a,e p.ocesso. XOS. T.e ^a,e p.oces o. 
.nexuses a Ke..oa.a .0, ana a .ouse nO .Uat a.e ope.a. a 
..e operator, and a display unit 111. The i»a,e processor 

,nd display received digital data. The x^age 
108 can process and dj-spiay i 

p.ocessor ICS comprises a personal computer or a computer 
Lh as a «orK station, .or e.a„ple. ..e i»age 

connected to the IC tester ICS and the UIP 10. .V 
.„CK as the Kthernet or a .us *or exchanging test rn.or.atron 
and processed data therewith. 

.XC. 2 Shows in .loc. for. a software architecture 
required to test an Imaging device with the 10 — " ' J 
.e!t program for generally managing and conductrng a test 

It entirety is run .y the IC tester 103. .he test program 
Its entir y ^^^^^^ 
controls an Ucaging devrce under test 

.ead into the i^age processor 108 .y an i^age - 
,rogra. run hy the i.age processor 108. .he i.age processor 
108 has a debugger 1.0. a su.-»odule process 1.1, a data 

• ^v- 19^ and a code display 
memory 122, an image display vxewer 123, 
Viewer 124. .he debugger 120, the i^age display vrewer 

operator 12.. The data »e„ory 122 has a storage capacity 

r^inralitv of sets of data for all the 
large enough to store a plurality or 

aata Obtained in one measurement cycle hy sweeping a l^.e 
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.espect to necessary test items. Analyzed data is stored in 
the data memory 122. so that old and new analyzed data can be 
compared with each other. 

PIG. 3 show, an operation sequence of the debugger 120, 
which is executed by the u»age processor 108. A process of 
debugging test results for an imaging device with the 
debugger 120 will be described below with reference to PIG. 
3 First, the debugger 120 is activated in step 401, and 
executes an i^age-processing program on the i^age processor 
108 in step 402. output data produced from the imagxng 
aevice under test according to the image processing program 
is retrieved into the data memory 122 in step 403. The 
aebngger 120 specifies which bloc, of the data in the data 
memory 122 is to be displayed in step 404, and then presents 
an image display in step 405. The debugger 120 determines, 
from the Ixaage display, whether there is a range to be 
presented in the code display or not in step 406. If there 
is a range to be presented for a code display, then the 
debugger 120 presents a code display in the range in step 
407. Thereafter, the debugger 120 determines whether there 
is another block for code display or not in step 408. If 
.here is another bloc, for code display, then control returns 
to step 404 in which the debugger 120 specifies the bloc, of 
the data in the data memory 122 is to be presented. If there 
range to be shown in the code display in step 406, then 



is no 
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control jumps to step 408 in which the debugger 120 
aeter«,ines whether there is another blocK for code display or 
not. If there is no other blocK for code display in step 
408, then the debugger 120 determines whether the data is to 
be further analyzed or not in step 409. If the data is to be 
further analyzed, then control returns to step 402. If the 
data is not to be further analyzed, then the operation 
sequence of the debugger 120 is ended. In this manner, the 
operator can debug the imaging device under test to see xf 
each of the pixels of the imaging device has a problem or 
not, or if the controlling of the imaging device according to 
the test program run by the IC tester 105 is problematic or 
not. While switching between image and code displays on the 

display unit HI* 

FIG. 4 Shows an example of presented display views 
produced by the viewer of the present invention. As shown in 
FIG. 4, output data from the imaging device under test xs 
displayed as an image display view 200 on the display screen 
of the display unit 111. The image display view 200 may 
comprise monochromatic or colored gradations. In the 
illustrated example, pattern data from the imaging devxce 
under test, which has a large number of pixels, is to be 
displayed. Because the pattern data to be displayed is very 
large, only a certain range of all the pixels of the imaging 
device is displayed in the image display view 200. The image 
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aispxay View aoo includes a s«oU bar 201. «ne„ the 
e al ope.a.es ..e scroll .ar .01, ..e ..pla.e. p.Kel 

J. e.a„ple, ... operator designates an ^ ^ J" 
5 pointer, position 202 in the image display vrev 200 

tin point .or a rectangular area, and then designates . 
ending point 203 .or the rectangular range hy dragging the 
„o Jor operating a Key on the Key>.ard 10,, .or e.ample 
leader, the operator operates the .ouse or the .ey.oa. 

,i.e a co^and to display a code display v.ew « 
.he operator specifies the cursor posxt.ons 202, 

i„ area may be displayed to allow the 
204 of the rectangular area may o f 

the oplected rectangular area. 
' operator to visually recognize the selecte 

H-solav view 200 also shows a black dot 206 as a 
The linage display view ^. ^ » ,m of the 

\. aefect in the rectangular area and other defects 20V 

waging device under tes. ^ ^^^^^ 

The image display vxew 
.orner thereof, coordinates of the center of the re^tangul 
area and a selected size of the rectangular area shown th 
, ■ew210 The code display view 210 shows codes 
20 code display view 210. ine Hf^olav 
.„cluding numerical values and symbols. The image d play 

various patterns, e.g., in an overlapping manner or 
separately as individual windows, or may be selectively 

i at a ti^e The code display view 210 may be 

25 displayed one at a time. 
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,.ese„.ed in a size ..a. Is auto.aticallv va.ia..e aepena.n, 
on ..e nu^O^e. pixels s.ovn, o. .ay .e s.own in a f.xea 

.00 ana the coae aisplay view 2X0 a.e shown, thei. sx.es ana 
positions snouia pre.e«.iv .e .aae variable the curso. 
«.,on can .e .ovea .y the »ouse o. the Key.oara. The test 
p.o,ra„ aeveloper or the operator can thus confirm easrly 
certain pixels ana their numerical vaiues whiie the prxeis 
are .ein, heia in a mutual positional relationship. The 

..e test pro.ra« aeveloper or the operator to verr.y whether 
the output aata fro. the imaging aevice under test are 
properly processed, confir. what numerical value a certarn 
wniL aot on the i.a,in, device unaer test has as a code and 
obtain materials .or ae.u,,in, decisions as to whether the 
i„a.in. device is operating properly or the test pro,ra. 
contains an error, through comparison between the nu^erxcal 
values of adjacent pixels. 

The aebugging apparatus accoraing to the present 
, invention is capable o. efficiently aebu,,in, i.a.in, devrces 
„„aer stricter inspection standards, .he dehug.rn, apparatus 
31SO allows the operator to .rasp macroscopic characterrst.c 
Changes in entire aisplayea images, such as slow pixel 
characteristic fluctuations, of imaging aevices havrng a 
, large nu:*er of pixels, and also to reliably recognxze 
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changes that may often be overlooked when many pixels are 
Shown in one i^age on the imaging devices, such as small 
Changes found through comparison between the characteristrc 
values of adjacent pixels or a defect of a single pixel or a 

plurality of pixels. 

The cursor shown in the image display view 200 may be rn 
the form of a criss-cross shape or an arrow shape. While a 
rectangular area can be specified in its entirety to be 
displayed as a code display view as described above with 
reference to FIG. 4, the code display view may be presented 
for a rectangular area having a predetermined size 
surrounding a central point that has been specified by the 
operator. 

When the cursor in the image display view 200 is moved 
through the use of the mouse or the Keyboard, the codes 
I related to the pixels in the code display view 210 are 
" accordingly updated on a real-ti.e basis. Alternatively, the 
codes in the code display view 210 may not be updated unt.l 
the cursor is moved to a point and the point is determined by 

20 clicking the mouse. 

Furthermore, the window of the code display view 210 may 
be focused or made active and entry modes may be changed, and 
then X, Y coordinates of the cursor may be entered as 
numerals directly into entry display frames 211, 212 in an 
25 upper portion of the code display view 210, or the cursor in 
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i.a,e display view .00 »av be operated by the keyboard to 
„ove a central pixel in the i^age display view aoo, so that 
the ran,e pixels presented in the i.a,e display view 200 
and the code display view 210 can be moved. A marker 
representing pixel data at the central position in the code 
display view area n,ay be shown in the code display view 210. 
Por example, such a marker may comprise a numerical value or 
a background shown in a special color. 

PIG. 5 Shows another example of an image display view 
and a code display view which are shown according to the 
present invention. In the example shown in FIG. 5, both 

the image display view, codes corresponding to pixels in an 
area to be shown in the code display view are newly 
calculated, and the code display view is updated into new 
codes, specifically, as shown in FXG. S, a displayed i^age 
300 includes an i^age display view 301 and a code display 
view 302, with a cursor displayed in the i^age display view 
301. When the cursor is moved in the i^age display view 301. 
. codes displayed in the code display view 302 are updated, 
codes are displayed in the code display view 302 
immediately after effective data are displayed in the i^age 
display view 301. Alternatively, codes may be displayed rn 
the code display view 302 or displayed codes may be updated 
3 in the code display view 302 when the »ouse or the keyboard 
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is operated in a certain way after effective data are 
displayed in tne i^a.e display view 301 and t.e cursor .s 
moved . 

,^en t^e center of the cursor is located at an upper, 
. lo«er, left-nand, or ri..t-.and end of tUe i„a,e display vrew 
301 e at a left-hand end of the i^a.e display v.e„ 301 

as lho«n in no. 5, and a rectangular area for the code 

. 302 e d , a rectangular area having a starting 
display vxew 302, e.g., ^^^^^^ 
3 point 220 and an ending pornt 221 as indi 
?.„ ine in .10. 3, has a portion projecting out of the ^age 
^ display vie« 301, the code display vie„ 302 „ay drsplay 
i code data »ith special characters, e.g., hyphens - 
3 region corresponding to the projecting portion of the 
i .ectangular area, .he code display vie„ 302 ™ay also display 

such non-code data with characters other than hyphens, 
i .lan.s, other sy^^ols, or colors, .he i.age processo 1^ . 
" implemented such that when the cursor ^-^^^-^-^^rZ 

■ .i,ht-hand end of the range to .e tested of the i»agrng 

„f codes to be shown in the code dxsplay 
20 device and the range of codes to b 

.iew 302 is ahout to move beyond the end of the range to 
Tested Of the imaging device, the cursor <pointer> is stopped 
against movement beyond the end of the range. 
image processor 108 may alternatively be implemented such 
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view 302 is about to move beyond the end of the range to be 
tested Of the imaging device, the cursor (pointer, »ay not be 
li„>ited in its movement, but non-code data may be shown xn 
the code display view 302 in response to the movement of the 

cursor (pointer). 

The entire disclosure of Japanese Patent Application Ho. 
184837/1999 filed on June 30, 1999 including specification, 
claiias, drawings, and summary are incorporated herein by 
reference in its entirety. 
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